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Aquatic weed problems and
management in North America

(a) Aquatic weed problems and management in
the western United States and Canada

L.W.J. ANDERSON

INTRODUCTION

an understanding of aquatic weed impacts and solutions in the western United
States and Canada is best gained from a general view of water catchment, storage
and distribution. Although there arc many thousands of kilometres of natural
riverine systems and lakes, the most frequent and severe problems associated
with aquatic macrophyte vegetation occur primarily in the man-made lakes,
reservoirs, and canals throughout this region.

Much of the inhabited and agricultural lands in the West (especially in the far
West) are atid or semi-arid, recciving only 25 to 50cm annual precipitation.
This fact, coupled with the generally excellent soils and favourable climate for
temperate crops, together with the westward expansion of populations during
the latc ninctcenth and carly twentieth centuries, prompted the construction of
immense, extensive (and expensive) networks of reservoirs, major high-capacity
canals, and lateral (subsidiary) canals for agricultural, domestic, and industrial
uses. In concert with these uses, the development of hydroelectric power pro-
duction and recreational facilities has been an integral part of the overall water-
delivery systems. Beginning in the late 1800s, but accelerating dramatically in
the 1930s—1960s, fcderal (US Bureau of Reclamation (USBR) and US Army
Corps of Engineers), and various state water projects were designed, financed
and constructed to carry tremendous volumes of water from sources such as
mountainous areas that receive heavy snowpack, and major rivers, to the more
central and southern areas where population demands and optimal climates for

crops exist. For example, in California, 70 per cent of the state’s- water resources

are from north of latitude 38° (San Francisco) (Gur't.mlkh, Gray, and Scckler
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problematic weeds appear to be: Potamogeton pectinatus, R.nodosus (Fig. 19a.2),
P.crispus; P.foliosus, Elodea canadensis, Myriophyllum spicatum; M. aquaticum,
Cerataphyllum demersum, Typha latifolia, T. angustifolia, Ludwigia repens, Chara
spp. and Cladophora glomerata. Although both Eichhornia crassipes and Hydrilla
verticillata are significant problems, they are not widespread in the western
United States (except in Texas) and are discussed as special cases below.

F16. 19a.2. A typical irrigation canal in the western United Statcs, heavily infested with
Amecrican pondweed (Potamageton nodosus). ‘These canal systems are scasonally drained
from about November until April.

These lists do not include all weeds causing problems in rice, a major com-
mndity in California (c. 145000 ha were grown in 1987: US Department of
Agriculture 1987). An excellent review of rice weeds was published by Barrett
and Seaman (1980). Thesc authors reported that the most frequently encountered
weeds species werer Sagittaria montevidensis spp. calyctna,—Ammania coccinea,
Bacopa rotundifolia, Heteranthera limosa, and h‘\f/ﬁinoclzlaa crus-gallinthe last of
which probably causes the most scrious problems—TPhese weeds (and others in
ricc) are controlled primarily by variously timed applications of the herbicides
molinate, thiobencarb, basagran, and MCPA. Another new herbicide, bensul-
furon methy! (Londax"™), is currently under intense testing for use in rice and
possibly for other non-crop aquatic uses.

DISTRIBUTION MAP
AQUATIC PLANTS OF
BRITISH COLUMBIA
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F16. 192.3. Distribution (. 1987) of two most important aquatic weeds in western Canada, -— |

Myriophyllum spicatum and M. exalbescens (from P.D. Warrington and P. Newroth, pers.
comm. 1985).
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CANADIAN AQUATIC WEED PROBIEMS

Canadian aquatic habitats support a wide varicty of vascular plants (Warrington
1980), but the most troublesome species arc limited primarily to the genus
Myriophyllum. In fact, M. spicatum and M. exalbescens account for perhaps more
than 90-95 per cent of all cconomic losses and control costs associated with
“aquatic vegetation in Canada, and that is primarily focused in and around British
Columbia and around Toronto (Anderson 1985). M. spicatum was reported in
British Columbia in 1971 and by 1980 about 1000 ha were infested (Dove and
Wallis, 1981). As of 1985, cstimates were 2000-3 000 ha for British Columbia
and 100000 ha for the Toronto/Quchec arca (Symposium discussion comments
by P. Newroth and S. Painter in Andesson, 1985; Newroth 1985). Distribution
of these two species in British Columbia as of 1987 is shown in Fig. 192.3 (P.D.
Warrington, pers. comm.)

Several recent papers presented at the First International Symposium on
Watermilfoil document the general spread and occurrence of M. spicatum in the
western-Canada/US region (Rawson 1985; Warrington 1985). It is apparent that
from 1977 to 1978 the infestation in the Okanogan River breached the northern
United States border and has been progressively invading the state of Washington
ever since (Fig. 192.4). Towever, other populations of M. spicatum were docu-
mented in 1973 in Washington state (Falter e al. 1974) and cven perhaps in the
1960s (Couch and Nelson 1985).

In an archival survey done by the British Columbia Ministry of Environment

SEATTLE m NI e .
R
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for 19751981, M. exalbescens and Potamogeton spp. accounted for 60 per cent of
fogged aquatic weed complaints (M. spicatum was not included). Of lesser inci-
dence were problems from Elodea canadensis (12 per cent) and Ranunculus aquatilis
(7 per cent) (P. Newroth and P. Warrington, pers. comm.) Table 1924, which
shows the frequency of occurrence of aquatic plants in British Columbia and
Alberta, further illustrates the dominance of a few genera. It should be noted
that unlike British Columbia, southern Alberta has thirteen irrigation districts
whose 11 500km of canals can support abundant aquatic plants much like those
in the western United States (Burland and Catling 1986).

Table 19a.4. Relative prevalence of twelve aquatic weeds in British Columbia and
Alberta, Canada

Rank Specie§

British Columbia

/i

lrrlga(con Systems

Po pec

Alberta: Alberta:

Recreational lakes

Myriophyllum exalbescens

1 Nuphar polyser
2 Utricularia vulgaris Polamogplon richardsonii Potamaogeton pectinatus
3 Myriophylium exalbescens Typha latifolia Potamogelon richardsonii
4 Potamogeton gramineus Phalaris arundinacea Potamogeton vaginatus
5 Ranunculus aquatilis Myn'ophyllum px.v/he.vcens C pmmphyllum demersum
6 Potamogeton natans P on P geton praslongus
7 Typha latifolia Ceralophyl/um deme/sum Lemna trisulca
8 Scirpus lacustris Alisma gramineum Potamogeton pusillus
9 Potamogeton pectinatus Ranunculus circinatus Elodea canadensis
10 Sparganium emersum Elodea canadensis Ranunculus circinatus
11 Polygonum amphibium Potamogeton pusillus Potamageton zosteriformis
12 Potarnogeton richardsonii Scirpus spp. Ruppia maritima

Note: Data are from P. Warrington and P. Newroth (pers. cmrlvm.) for British Columbia and from Rurland and Catling
(1986) for Alhcrta, Both sources fist ather less prevalent species not included here. For Alberta, rankings ake into account
ahundance and scverity of problems caused by the weeds,

IMPACTS AND MANAGEMENT
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Fii. 19a.4. Chronology of Myriopyllum spicatum spread into Washington state from the

Okanagan River system (from Rawson 1985).

It is not surprising that the main problems with aquatic plants in the western
United States and Canada are caused by rooted plants (both emergent and
submerged), given the extensive reaches of moderate to rapidly-flowing waters,
both natural and man-made. Rapid spread of introduced plants occurs, facilitated
by downstrcam prolifcration and seasonal nutrient inputs from run-off and

sedimentation. These flowing waters, together with the thousands of static-water

storage reservoirs and natural lakes, sustain and disseminate plants causing severe
economic impacts, which may be described as follows:

(1) direct blockage of flow (loss of canal capacity) and -subsequent canal bank
damage. These affect irrigation as well as drainage and flood control;

(2) loss of storage capacity in rescrvoirs, particularly small ones;
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Fi6. 1925, (a) Furasian water milfoil is often removed mechanicatly in Canada using a
‘ratovator’. Note the long floats in the foreground: these support a sereen which is put in
place to retain the many fragments provided by rotovation. (b) Close vicw of hydraulically
operated rotavator ‘business’ end: note the rotating tines and the fragments of Furasian
water milfoil.
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SPECIAL CASES: HYDRILILA
VERTICILILLATA AND EICHHORNIA CRASSIPES

Hydrilla verticillata

Since its introduction into thc&sou(h—cnstcrn United States in the early 1960s,
H.verticillata has progressively spread into Texas, California, and Arizona, and
these states constitute its current distribution in the West. Table 192.7 sum-
marizes the incidence of dioccious /1. verticillata in these states and points out

Table 19a.7. Occurrence of dioccious Hydrilla verticillata in the western United States”

State Year Infested area (ha)
Arizona 1982 <2 (under eradication)
California 1975 None reported
1976 12 (Lake EMis, now eradicated)
1977 200-250 (Increase due to infestation and spread in imperial

Irrigation District where it is currently under successful man-
agement with triploid grass carp) ’

1984-1986 250-320 (Additional sites in Santa Rosa and Shasta counties;
Santa Rosa site eradicated in 1985)

1987-1988 320-330 (Additional 10 sites in Calaveras county and a 0.8 ha
take in San Francisco)

Texas 1976 ~500
1984 4900
1986 >24000

* Modificd from Anderson (19864). Notc that these are maximum arcas. Weed coverages at several sites
have been reduced, especially in California.
! From Tyndall (1982).

that the California introductions arc the most recent. Fig. 192.6 shows the
distribution and size of infestations in California by Couity. Note that the most
northern site (Shasta county) is located adjacent to the Sacramento River, a major
source of water for northern California domestic and agricultural uses and also
a major contributor to the Sacramento Delta. This infestation is the most
immediate and current threat to the extensive water transport systems in the state
since water from the Sacramento Pelia is exported to central and southern
California via the California Aqueduct and the Delta Mendota Canal.

As evidencc that not all hydrilla in California has been located (or that it may
still be spreading) eleven ‘new’ infestations were discovered in 1988. All except
one. (Mcl.aren Park, San Francisco) are in Calaveras County on fairly remote
tracts of land where these small ponds arc used for fishing and somce irrigation.
Although the Calaveras sites are 50 to 60 kilometres from the Sacramento Delta,

there is potential for movement into the expansive Delta waterways via a small, .

scasonally flowing tributary. As in the Shasta County sites, these infestations,



Maximum area (acres) of hydrilla in California by county (1986)

Acres by county

BB Imperial: 550

# Shasta: 140

E3 San Diego: 100

Sonoma: 72

Yuba: 31

ES LA, SB, RV,
SJA. MT: <t

1116, 19.6. Distribution of Jlydrilla verticillata in California showing the greatest arcal
coverage reported at any onc time prior to 1987, Note that much of the acreage shown
has now been reduced and that infestations in Shasta county and Imperial county arc the
only remaining large poputations (from Anderson F986a). Tn 1988, additional hydrilla
infestatinns were discovered in northern California (10 sites in-Calaveras county; one lake
in San Francisco: N. Dechoretz, pers. comm.).

Fi16. 19a.7. Acrial view of a hydrilla infested area of Sheldon Reservoir in southern
Californta (1984). Fragmenration from upstream populations causcd this reservoir to
become 80 per cent covered with hydrilla within 6 months of its construction. A major

canal system is scen to the left,
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once found, were immediately treated with chelated copper (Komeen™) to
remove above-scdiment growth. Subscquent treatments with  Fluridone
(Sonar™) will be made to prevent regrowth from turions.

The impacts of H.verticillata infestations (Figs 192.7, 19a.8) arc not unlike
thosc caused by excessive growth of many other rooted submerged aquatic plants:
interference with water transport in canals, lost recreational revenucs, higher
costs of management and wildlife habitat impairment.- A.unique feature of the
response in California to Hydrilla introduction was its classification as a ‘Typ%ﬂ
A’ pest. This designation dictated that the plant was to be eradicated whenevef
possible and that its sale, intrastate movement and importation-is illcgal. As a
consequence, California has expeiided roughly $1.3 million annually since 1978

on various cradication cfforts on several sites (Anderson 19864). -

F1G. 192.8. A partially dewatered main canal in the Imperial Irrigation District in southern
California (1979). Hydrilla occupicd 50 to 75 per cent of the canal volume when water
was flowing. This irrigation system was stocked with triploid grasscarp in 1986 and 1987
which has resulted in > 90 per cent clearance of Hydrilla.

Resuits of these eradication programmes have been good (Fig. 19a.9) and
only two major infestations remain: Redding (Shasta County) and the Imperial
Trrigation District (1ID) in the southern-most part of the state. The Redding
sites will probably be cradicated by 1989 but the I site is extensive and in
rapidly flowing water. There, several thousand triploid grass carp were introduced
in 1985-1987 and carly results arc extremely promising with >90 per cent
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16 192.9. Hydrilla eradication has a high priority in California. Here the complete
excavation and renovation of a 70 hectare recreational and flond control lake is being done
in order to remove all plants and tubers. At a cost of about US $1000000 this lake was
restored from 1985 to 1986 and is now in use again.

reduction in plant populations reported (Stocker 1987). Tt remains to be seen if
the continucd presence of the fish will eventually deplete the existing Hydrilla
turion hank, and bring about at least near cradication. Tt should be noted too
that, given the propensity for H.verticillata 10 spread, the expenses incurred with
California's assertive eradication programme probably have saved many millions
of dollars over the long-term since most of the potential sources for spread have
been removed relatively quickly.

Finally, to complete the picture for the western distribution of . verticillata,
recently documented infestations in an irrigation system in the Mexicali Valley,
Mexico (near the United States border at Calexico) should be mentioned (Stocker
1987). Surveys in 1987 revealed about 38 km of earthen canals infested with
Hydrilla. An introduction of triploid grass carp is planned for ¢. 62km in 1988
1989. This irrigation system is immediately south of the extensive infestation in
the Tmpcrial rrigation District, though there is no dircct waterway connection
to the 11D infestations.

Lichhormia crassipes

The problem infestations of water hyacinth in the western United States are
primarily in Texas and in the Sacramento Delta of California (Fig. 19a.10a,b).

FiG. 19a.10). (a) Water h)’acinfh has become @ menace in many regions of the Sacramento
Delta where it blocks marinas and interferes with boat traffic. This picture shows a dense
stand encroaching on an irrigation pump. Since 1984, the massive growths have heen
kept under control with the application of 2.4-1) in a carefully monitored management

programme.
(b) Before the herbicide programme was instituted, several hundred truckloads of water

hyacinth were hauled away daily from the conveyer system on the Delta, a process costing

hundreds of thousands of dollars annually. With the herbicide programme, costs have
“hecn cuf by at least 90 per cent.
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According to Tyndall (1982), this exotic species, which was noted as a problem’

in the 1930s, occurred on about 6500 ha in Texas in 1981, and ¢. 7000 ha in 1984
(Guerra 1984). In California, although E. crassipes was noted by the early 1900s,
problems did not arise until the late 1940s and then again in 1980 (Thomas and
Anderson 1984). The total arca, even recently, has been small (¢. 200 ha) compared
to Texas or Florida (1985 Florida cstimates: 494000 ha according to Schardt
1986). However, the nature of the Sacramento Delta site with narrow sloughs,
tidal movement, and large pumping stations made this infestation a serious

{p,r_o_blc\m.i/\t the US Burcau of Reclamation pump works, tons of the plants were

fremoved daily and had to be hauled away, a job costing several hundred thousand
dollars annually. This cxpensive activity has not been required for the past 3
years since 2,4-1) applications began. e

i both Texas and California, foliar application of the herbicide 2,4- D has
been used very effectively to reduce the growth and spread of the water hyacinth,
About 4300 ha of water hyacinth were treated with herbicides in Texas in 1987,
and perhaps twice that arca may need treatments in 1988 (Texas Parks and
Wildiife Service, pers. comm))

In addition, biological control agents (Neachetina eichhorniae, N. bruchi, Same-
odes albignttalis) have bheen released in California, but have not proved cffective
in the Sacramento Delta as yet. The key to management in this site has been the
carly spring applications of 2,4-1) to prevent the formation of massive and
mobile mats of the plants which would otherwise block commercial navigation,
recreational uscs, and the vital pumping system on which Central and Southern
California depends. This strategy is coupled with regular monitoring for residues
of the herbicide at strategic points in the Delta. In the four years of this
programme, no 2,4-1) residue problems have arisen.

THE FUTURE

The intensive urbanization, and cxpanded agricultural and industrial activitics
in the western United States over the past 30—40 years have placed greater and
greater demands on the water resources of this region. These demands will
intensify since the 1985 population for the seventcenth western states, about
71 million, is projected to increase to over 90 million by the year 2000 (USBR
1985).

Because general concerns for environmental protection are ever more intensely
focused on water as a vital yet mobile resource, aquatic plant management
strategics must become more tailored, sophisticated, efficient, and cost-effective.
The public’s concerns about groundwater contamination from industrial and
agricultural chemicals, including herbicides, place more urgency on the develop-
ment of non-chemical aquatic weed management approaches.

1
H
i
I

i
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Expericnce has shown' that key components of aquatic weed management
in this age must include multi-agency co-ordination where public waters are
concerned, and a highly effective public awareness and education programme.
Managers in Canada have been especially thoughtful and diligent in their public
education and quarantine cfforts, and the western US states are increasing their
activities here too. With these ingredients, and continued basic and applicd
research on the nuisance aquatic plants, it should be possible to reduce the
economic and health impacts of aquatic weeds greatly in the next decade.
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(b) Aquatic weed problems and management in the
eastern United States
K.K. STEWARD

Thir total area of surface water in the eastern states of the USA, in which aquatic
weed problems may occur, is approximately 86937-km? (8.7 million ha, Table
19h.1). This is an arca about the size of Austria, or slightly larger than the state
of Mainc in the USA. The geographical boundarics of this arca arc 24° to 47N,
and 67° t0 92°W. ‘There is a wide diversity of climatic and habitat conditions.
The southern states with warmer temperatures, longer growing scasons, and
generally hard, fertile water, tend to have more scrious aquatic weed problems
than do the northern states. As would be expected, aquatic plant management
programmes have bheen established longer and are more active in the southern
states. Table 19b.2 lists the aquatic plants which may create problems in the
eastern USA. Each species is identified by a two-character symbol when reported
as a problem (Tablc 19b.4). Table 19b.3 lists aquatic herbicides used to control
various problem species and arc also identified by a two character symbol when
used on a particular problem species (Table 19b.5).

The largest proportion of the activities to manage aquatic plants is performed
by public agencics of federal, state, county, and municipal governments. The US

Army Corps of Engineers (CE) 1nd the Tenncssce Valley Authority (TVA) are--
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‘The Rawa Manumbo, a rescrvoir for the storage of irrigation water in West Java (Indone-

sia), covered by a densc vegetation of aquatic weeds (mainly water hyacinth, Eichhornia
crassipes). (Photo: A. H. Pieterse)
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